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TRANSIENT CONTROLS TO IMPROVE 
FUEL CELL PERFORMANCE AND STACK DURABILITY 

FIELD OF THE INVENTION 
[0001] The present invention relates to fuel cells and fuel cell stacks and, 
more particularly, to methods of controlling the fuel cell stack during downward 
transients in a power demand placed upon the fuel cell stack. 

BACKGROUND OF THE INVENTION 

[0002] Fuel cells have been proposed as a power source for electric 
vehicles, stationary power supplies and other applications. One known fuel cell is the 
PEM (i.e., Proton Exchange Membrane) fuel cell that includes a so-called MEA 
("membrane-electrode-assembly") comprising a thin, solid polymer membrane- 
electrolyte having an anode on one face and a cathode on the opposite face. The 
MEA is sandwiched between a pair of electrically conductive contact elements which 
serve as current collectors for the anode and cathode, which may contain 
appropriate channels and openings therein for distributing the fuel cell's gaseous 
reactants (i.e., H2 and 02/air) over the surfaces of the respective anode and cathode. 

[0003] PEM fuel cells comprise a plurality of the MEAs stacked together in 
electrical series while being separated one from the next by an impermeable, 
electrically conductive contact element known as a bipolar plate or current collector. 
In some types of fuel cells each bipolar plate is comprised of two separate plates 
that are attached together with a fluid passageway therebetween through which a 
coolant fluid flows to remove heat from both sides of the MEAs. In other types of 
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fuel cells the bipolar plates include both single plates and attached together plates 
which are arranged in a repeating pattern with at least one surface of each MEA 
being cooled by a coolant fluid flowing through the two plate bipolar plates. 

[0004] The fuel cell stacks are typically part of a fuel cell systenn that is 
operated to meet a power demand placed upon the fuel cell system. The power 
demand placed upon the fuel cell system, however, can vary over time for a variety 
of reasons. For example, when the fuel cell system Is on a mobile platform, such as 
a vehicle, the power demand placed upon the fuel cell system will vary with the 
desired acceleration and deceleration of the mobile platform. When the fuel cell 
system is used in a stationary application, the power demand placed upon the fuel 
cell system will also vary. For example, when a furnace, refrigerator, electric dryer, 
etc. are switched on and off, the power demand placed upon the fuel cell system will 
change. In response to the change in the power demand placed upon the fuel cell 
system, the quantity of anode reactant supplied to the fuel cell stack is typically 
adjusted to meet the power output demanded of the fuel cell stack. When the power 
demand placed upon the fuel cell system is decreased (downward transient) the 
quantity of anode reactant supplied to the fuel cell stack is reduced so that the power 
output of the fuel cell stack decreases to approximately match the power demand 
placed on the fuel cell system. 

[0005] During fast downward transients, however, the current flow through 
the fuel cell stack decreases much more rapidly than the fuel cell stack can 
compensate for. For example, if the system is run at a high load at a steady state, 
the anode and cathode pressures are high, and the operating temperature is at its 
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upper operating range. During a downward transient, the load placed upon the fuel 
cell system and fuel cell stack goes down very quickly. Ideally, the cathode flow and 
anode flow should ramp down as quickly, as well as system pressure and coolant 
temperature. These different parameters, however, have much different physical 
time constraints. Thus, the load can drop almost instantaneously while the anode 
and cathode flows may take several seconds and the coolant may take significantly 
longer to drop to the new operating condition. 

[0006] This delay in adjusting these different parameters to the new 
decreased power demand placed upon the fuel cell stack can potentially cause 
damage to the individual fuel cells and/or fuel cell stack potentially resulting in 
instantaneous failure of the fuel cell stack and/or a decreased longevity of the fuel 
cell stack. Thus, it would be advantageous to operate the fuel cell system in a 
manner that prevents or minimizes the potential for damage to the fuel cells and/or 
fuel cell stack during downward transients in the power demand placed upon the fuel 
cell system. 

SUMMARY OF THE INVENTION 
[0007] The inventors have discovered that during the above-described 
downward transients, two important conditions occur that can damage and/or 
decrease the longevity of the fuel cell stack. Specifically, the pressure differential 
between the anode and cathode flow fields can experience a spike and the relative 
humidity of the membrane within the fuel cells can drop to a level that causes the 
membranes become drier. 
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[0008] The spike in the pressure differential is caused by the sudden 
decrease in the load placed upon the fuel cell stack. When the load abruptly drops, 
the amount of hydrogen within the anode flow fields being consumed also abruptly 
drops. This is due to the hydrogen flowing from the anode to the cathode side 
through the membrane and electric load. Thus, the sudden decrease in current flow 
through the fuel cell stack is equivalent to instantaneously shutting or reducing an 

anode outlet flow. Additionally, the hydrogen flow controller may take up to a 

second to actually shut down the hydrogen flow, and the hydrogen in the anode flow 
has inertia. The combination of the hydrogen outlet being quickly shut down and the 
hydrogen inlet flow taking a longer time to shut down causes a spike or increase in 
the anode pressure on the anode side of the fuel cells. On the cathode side, the 
cathode flow continues unabated while also experiencing a decrease or cessation in 
the amount of hydrogen flowing from the anode side to the cathode side through the 
membrane and electric load. The decrease in the quantity of hydrogen flowing to 
the cathode side causes a decrease in the pressure on the cathode sides of the fuel 
cells. Thus, the quick downward transient in the power demand placed on the fuel 
cell stack causes a spike in the anode pressure and a decrease in the cathode 
pressure yielding a pressure differential that, depending upon the magnitude, may 
be detrimental to the fuel cells and fuel cell stack. 

[0009] The drop in the relative humidity during the fast downward transient 
in the power demand placed on the fuel cell stack and fuel cell system is a result of 
at least three different occurrences. The first is that when the reaction of consuming 
hydrogen and oxygen within the fuel cell stack stops due to the rapid decrease in the 



4 



Atty. Ref. 8540G-000221 
(GP-303573) 

current generated by the stack, the rate at which water is being produced in the 
cathode flow fields decreases. Thus, there is less water being formed and available 
for humidifying the cathode gas. The second occurrence is the drop in the pressure 
in the cathode flow fields. When the pressure drops, the cathode gas can hold more 
water vapor. Thus, the sudden pressure drop in the cathode flow fields results in a 
decrease in the relative humidity because the moisture holding capacity of the 
cathode gas has increased while the amount of water vapor has maintained the 
same or decreased. The third occurrence is the slow reduction in temperature. 
When the fuel cell stack and fuel cell system are operated at high loads, the 
temperature at which they operate is also high or toward the high end of the 
operating range. When the power demand on the fuel cell stack and system 
decreases, the heat generated within the fuel cell stack decreases and the 
temperature of the stack decreases as a result of the coolant flowing through the fuel 
cell stack. The decrease in temperature of the cathode gas reduces the amount of 
water vapor the gas can hold and, thus, helps increase the relative humidity within 
the stack. The temperature response, however, is a significantly slower response 
than the other changes in the stack as a result of the downward transient in power 
demand on the fuel cell stack and system. Thus, while the decreasing temperature 
helps minimize the reduction of relative humidity, the slow response results in a time 
period wherein the two other occurrences dominate and the relative humidity within 
the stack drops to a level that can potentially cause damage to the membrane and 
reduce the useful life of the fuel cell stack. Thus, the less water production, the 
decrease in cathode pressure, and the higher cathode temperature (until it is cooled) 
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results in an occurrence of low relative humidity that is potentially detrimental to the 
fuel cell stack. 

[0010] The present invention provides a method of operating a fuel cell 
stack and system that minimizes the potential for having a large pressure differential 
between the anode and cathode flow fields and a low relative humidity occurrence 
within the cathode flow fields. This is accomplished by tempering the downward 
transient in power demand seen by the fuel cell stack. The downward transient in 
power demand on the fuel cell stack is tempered by reducing the rate at which the 
power generated by the fuel cell stack is decreased and providing the excess power 
generated by the fuel cell stack to parasitic components of the fuel cell system. 

[0011] In accordance with the present invention, a method of operating a 
fuel cell system having a fuel cell stack operable to produce an electric current is 
disclosed. The method includes: (1) producing a power output with the fuel cell 
stack to meet a power demand placed on the fuel cell system; (2) detecting a 
decrease in the power demand; (3) routing an excess power output of the fuel cell 
stack to a component of the fuel cell system; and (4) reducing the power output of 
the fuel cell stack to meet the decreased power demand placed on the fuel cell 
system. 

[0012] In another aspect according to the principles of the present 
invention, a method of managing a pressure differential between anode and cathode 
flow fields in a fuel cell stack of a fuel cell system during a downward transient in a 
power demand placed on the fuel cell system is disclosed. The method includes: (1) 
detecting a decrease in the power demand; (2) routing an excess power output of 
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the fuel cell stack to a component of the fuel cell system; and (3) gradually reducing 
a power output of the fuel cell stack to meet the decreased power demand placed on 
the fuel cell system while maintaining a pressure differential between the anode and 
cathode flow fields below a predetermined value. 

[0013] In yet another aspect according to the principles of the present 
invention, a method of maintaining a relative humidity in a fuel cell stack of a fuel cell 
system between a predetermined range during a downward transient in a power 
demand placed on the fuel cell system is disclosed. The method includes: (1) 
detecting a decrease in the power demand; (2) routing an excess power output of 
the fuel cell stack to a component of the fuel cell system; and (3) gradually reducing 
a power output of the fuel cell stack to meet the decreased power demand placed on 
the fuel cell system while maintaining a relative humidity in the fuel cell stack 
between the predetermined range. 

[0014] Further areas of applicability of the present invention will become 
apparent from the detailed description provided hereinafter. It should be understood 
that the detailed description and specific examples, while indicating the preferred 
embodiment of the invention, are intended for purposes of illustration only and are 
not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] The present invention will become more fully understood from the 
detailed description and the accompanying drawings, wherein: 
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[0016] Figure 1 is a schematic, exploded, isometric, illustration of a liquid- 
cooled PEM fuel cell stack (only two cells shown); 

[0017] Figure 2 is a schematic illustration of a fuel cell system having a 
fuel cell stack, such as that shown in Figure 1 ; and 

[0018] Figure 3 is a graph showing the response of various parameters of 
a fuel cell stack during a prior art downward transient in a power demand placed on 
the fuel cell stack. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0019] The following description of the preferred embodiment is merely 
exemplary in nature and is in no way intended to limit the invention, its application, 
or uses. 

[0020] To gain a better understanding of the present invention, an 
exemplary fuel cell stack 18 and fuel cell system 19 where the present invention may 
be employed are shown in Figures 1 and 2. Figure 1 depicts two individual proton 
exchange membrane (PEM) fuel cells connected to form a stack 18 having a pair of 
membrane-electrode-assemblies (MEAs) 20, 22 separated from each other by an 
electrically conductive, liquid-cooled, bipolar separator plate conductive element 24. 
An individual fuel cell, which is not connected in series within a stack, has a 
separator plate 24 with a single electrically active side. In a stack, a preferred 
bipolar separator plate 24 typically has two electrically active sides 26, 28 within the 
stack, each active side 26, 28 respectively facing a separate MEA 20, 22 with 
opposite charges that are separated, hence the so-called "bipolar" plate. 
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[0021] The MEAs 20, 22 and bipolar plate 24 are stacked together 
between stainless steel clamping terminal plates 30, 32 and end contact fluid 
distribution elements 34, 36. The end fluid distribution elements 34, 36, as well as 
both working faces or sides 26, 28 of the bipolar plate 24, contain a plurality of lands 
adjacent to grooves or channels on the active faces 38, 40, 26, 28, 42, and 44 and 
form flow fields for distributing anode and cathode reactants (i.e., H2 and 02/air) to 
the MEAs 20, 22. Nonconductive gaskets or seals 48, 50, 52, 54, 56, and 58 
provide seals and electrical insulation between the several components of the fuel 
cell stack. Gas-permeable conductive diffusion media 60, 62, 64, and 66 press up 
against the electrode faces of the MEAs 20, 22. Additional layers of conductive 
media 68, 70 are placed between the end contact fluid distribution elements 34, 36 
and the terminal collector plates 30, 32 to provide a conductive pathway 
therebetween when the stack is compressed during normal operating conditions. 
The end contact fluid distribution elements 34, 36 press up against the diffusion 
media 60, 68 and 66, 70 respectively. 

[0022] Cathode reactant in the form of Oa/air is supplied to the cathode 
flow fields of fuel cell stack 18 from a storage tank or from the ambient via 
appropriate supply plumbing 74. Similarly, anode reactant in the form of H2 is 
supplied to the anode flow fields of fuel cell stack 18 from a storage tank, a methanol 
or gasoline reformer, or the like, via appropriate supply plumbing 78. Exhaust 
plumbing 80, 81 for the anode and cathode effluents produced in the respective 
anode and cathode flow fields of fuel cell stack 18 are also provided. Additional 
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supply plumbing 82 is provided for circulating coolant through bipolar plates 24 and 
end plates 34, 36 and out via exit plumbing 86. 

[0023] Referring now to Figure 2, a typical fuel cell system 19 in which the 
present invention can be utilized is illustrated. Fuel cell system 19 includes a 
controller 90 that controls the operation of fuel cell stack 18 and the other 
components of fuel cell system 19. Fuel cell stack 18 is operated to provide a power 
output that meets a power demand placed on the fuel cell system 1 9 and the power 
required to operate the other components of fuel cell system 19. 

[0024] Some of the other components within fuel cell system 19 include an 
anode recirculation pump 92 which is driven by an electric motor 94 and is 
connected between anode effluent plumbing 80 and anode reactant supply plumbing 
78 via appropriate plumbing 96. Recirculation pump 92 is operable to cause a 
portion of anode effluent flowing through anode effluent plumbing 80 to recirculate 
back into anode reactant supply plumbing 78 to be fed through the anode flow fields 
of fuel cell stack 18. 

[0025] The coolant supply system for fuel cell system 19 includes a 
coolant pump 100 driven by an electric motor 102. The coolant supply system also 
includes a radiator or heat exchanger 104 through which coolant flows and a fan 106 
driven by an electric motor 108 that forces air across radiator 104 to remove heat 
from the coolant flowing therethrough. Coolant pump 100 and radiator 104 are 
positioned between coolant supply plumbing 82 and coolant exit plumbing 86 to form 
a coolant loop through which the coolant flows to remove heat from fuel cell 
stack 18. 
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[0026] Fuel cell system 19 can also include startup heaters 110 that are 
located within fuel cell stack 18. Since fuel cell stacks preferably operate at 
temperatures above ambient temperatures, for example 60°C and above, it is 
important to warm the stack 18 as soon as possible after startup. Getting to the 
stack's normal operating temperature quickly after startup improves the fuel cell 
system's performance and lengthens the stack's life. Startup heaters 110 are 
operable to supplement stack waste heat during a cold start. Stack heaters 1 10 are 
typically resistive heater elements in the stack end plates 30 and 32, or in the 
coolant supply plumbing 82. During a cold start, the controller 90 turns on a relay, 
electrically connecting the heaters 110 in parallel with the stack's power out 
terminals and the storage device 120. A portion of the stack's current passes 
through the heaters 110. The additional heat into the stack 18 brings the stack 18 
up to its normal operating temperature more quickly than a system that doesn't use 
startup heaters. 

[0027] Optionally, fuel cell system 19 can also include an energy storage 
device 120, such as a battery or capacitors, such as Ultra Caps available from 
Maxwell Technologies, part number PC2500 (2.5V, 2700 Farads, 625 rated amps). 
The use of an energy storage device 120 within fuel cell system 19, typically is only 
done with fuel cell systems 19 that are used in conjunction with a hybrid mobile 
platform, such as an electrical vehicle. The energy storage device(s) 120 can be 
charged by plugging the electrical vehicle into a power source, such as a 120-volt 
power outlet in a garage, and charged for later use in powering the electric vehicle. 
During operation of the electric vehicle, the energy storage device(s) 120 can also 
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be charged via regenerative braking and the like. When used in conjunction with a 
fuel cell system 19 instead of an internal combustion engine, fuel cell system 19 can 
supply excess power to energy storage device 120, as described below. However, it 
should be understood that in a mobile platform powered entirely by a fuel cell system 
19, the presence of significant energy storage devices 120 is unlikely and, thus, will 
not be available for use in storing significant excess power produced by fuel cell 
stack 18 and fuel cell system 19. 

[0028] The present invention is directed to a method of operating fuel cell 
system 19 during periods of downward transients in the power demand placed upon 
fuel cell system 1 9 and fuel cell stack 1 8. Specifically, the present invention relates 
to maintaining a pressure differential between the anode and cathode flow fields 
within fuel cell stack 18 below a predetermined maximum value and the maintaining 
of the relative humidity within the cathode flow field within a predetermined range. 
The maximum pressure differential between the anode and cathode flow fields will 
vary based upon the design of the fuel cell stack 18. Specifically, the type of MEA's 
and the supporting structures therein will influence the allowable pressure differential 
that can occur on opposite sides of the MEA without damaging the membranes or 
decreasing the useful life of the membranes. Similarly, the relative humidity that 
must be maintained to not dry out the MEA*s will also vary depending upon the 
design of the MEA's. 

[0029] Referring now to Figure 3, a graph of various parameters of fuel cell 
system 19 and fuel cell stack 18 when being operated by traditional (prior art) 
operating methods, during a downward transient in a power demand placed on fuel 
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cell system 19 and fuel cell stack 18 is shown. In the graph, the electrical current 
produced by fuel cell stack 18 is represented by curve 132. The outlet pressures 
within the respective anode and cathode flow fields are represented by the 
respective curves 134, 136. The relative humidity within the cathode flow fields of 
fuel cell stack 18 is represented by curve 138. Finally, the temperature of the 
coolant exiting the fuel cell stack 18 is represented by cun^e 140. 

[0030] As stated above, during a downward transient in a power demand 
placed on fuel cell system 19 and fuel cell stack 18, the current produced by fuel cell 
stack 18 will rapidly drop to meet the reduced power demand placed on fuel cell 
system 19 and fuel cell stack 18. As can be seen in the graph, current curve 132 
has a sharp decrease in its level during a typical downward transient. As a result of 
this rapid downward transient in the current flow produced by fuel cell stack 18, a 
spike in the pressure differential between the anode and cathode flow fields occurs, 
as stated above. The spike is clearly seen by the difference in magnitude between 
anode flow field pressure curve 134 and cathode flow field pressure cun/e 136 
during the time period current curve 132 is rapidly decreasing. As shown, curves 
134 and 136 are generally near one another with minor variations therebetween and 
when the current flow dramatically drops, a spike in the anode flowthrough pressure 
occurs while the cathode flowfield pressure decreases. The pressure differential 
subsides after a period of time when the operation of fuel cell stack 18 has stabilized 
to a new steady state operating condition. This spike in pressure differential, as 
stated above, is undesirable and can rupture or damage the membranes and 
decrease the useful life of fuel cell stack 18. Similarly, when the current produced by 
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fuel cell stack 18 rapidly decreases, the relative humidity, as shown in curve 138, 
also experiences a sudden decrease before returning, after a period of time, to an 
acceptable level once fuel cell stack 18 has established a new stable operating 
condition. This sudden drop in the relative humidity within the cathode flow fields 
can dry out and damage the MEA thereby decreasing the useful life of fuel cell stack 
18. The coolant temperature exiting fuel cell stack 18, as seen in curve 140, has a 
much slower response to the decrease in current produced by fuel cell stack 18. 

[0031] To avoid the spike in pressure differential between the anode and 
cathode flow fields and the drop in relative humidity within fuel cell stack 18, the 
present invention operates fuel cell stack 18 so that the decrease in the power 
output of fuel cell stack 18 is spread over a longer period of time thereby enabling a 
smoother transition between the original power demand and the decreased power 
demand placed upon fuel cell system 19. To accomplish this, fuel cell stack 18 is 
operated to continue to produce power in excess of that demanded on fuel cell 
system 19 and directs the excess power to other components of fuel cell system 19. 
The power generated by fuel cell stack 18 is then gradually reduced in a controlled 
manner that minimizes and/or prevents a spike in the pressure differential above a 
predetermined maximum allowable value and maintains the relative humidity within 
an acceptable operating range. 

[0032] The excess power produced by the fuel cell stack 18 as its power 
output is being reduced to meet the reduced power demand placed on fuel cell 
system 19 is preferably directed first to the operation of coolant pump motor 102. 
That is, the excess power is preferably routed first to coolant pump motor 102 and, if 
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enough excess power exists, coolant pump motor 1 02 is operated at its maximum 
setting. The coolant pump motor 102 then consumes at least a portion of the excess 
energy produced by fuel cell stack 18 thereby enabling the power output of fuel cell 
stack 18 to be decreased at a more gradual rate that maintains the operating 
parameters of fuel cell stack 18 within desirable ranges. In addition, by directing the 
excess power first to coolant pump motor 102, the increase flow rate of the coolant 
through fuel cell stack 18 helps to more quickly decrease the temperature in the 
cathode flow fields thereby decreasing the water holding capacity of the cathode 
gases and increasing the relative humidity in the cathode reactant flow channels. 

[0033] Next, it is preferred to route any remaining excess power output of 
fuel cell stack 18 to radiator fan motor 108. If enough excess power is available, it is 
preferred that radiator fan motor 108 be operated at its maximum setting. Again, by 
supplying excess power produced by fuel cell stack 18 to radiator fan motor 108, the 
power output of fuel cell stack 18 can be reduced at a slower rate and in a controlled 
manner that prevents the pressure differential exceeding its allowable value and 
maintains the relative humidity within the desired range. Furthermore, by increasing 
the speed of radiator fan 106, it helps increase the rate at which heat is extracted 
from fuel cell stack 18 thereby lowering the temperature in the cathode flow fields 
more quickly and helping to increase or maintain the relative humidity within the 
cathode flow fields in the desired range. 

[0034] Next, if there is still excess power being produced by fuel cell stack 
18 that is not consumed by coolant pump motor 102 and radiator fan motor 108, the 
excess power is preferably directed to end plate heaters 1 1 0 in fuel cell stack 1 8 
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and/or any other cold start heaters within fuel cell system 19. This option is less 
desirable because it results in adding more heat back into fuel cell stack 18 which is 
trying to have its temperature reduced to a new lower operating temperature that 
corresponds to the desired decrease in power output of fuel cell stack 18. However, 
the drawbacks of providing the excess power to the startup heaters, is outweighed 
by the advantages achieved by maintaining the pressure differential below the 
maximum allowed and maintaining the relative humidity within the desired operating 
range. 

[0035] Finally, any remaining excess power can be sent to other parasitic 
components within fuel cell system 19 that can be tolerated. For example, any 
remaining excess power can be routed to anode recirculation pump motor 94. 
However, it should be appreciated that this can cause an increase in the pressure 
within the anode flow fields and, thus, may not be desirable, depending on the 
operating conditions and the specific fuel cell stack design. Other examples of 
parasitic components can include fuel processors, combustors, heaters therein and 
reactors used with these other components. 

[0036] Thus, when a fuel system 19 and fuel cell stack 18 are being 
operated according to the principles of the present invention, a downward transient 
in a power demand placed on fuel cell system 19 is met by gradually reducing the 
power output of fuel cell stack 18 and sending excess power produced by fuel cell 
stack 18 to other components of fuel cell system 19. This enables the reduction of 
the power output of fuel cell stack 18 to be spread over a longer period of time and 
enables the operation of the fuel cell stack 18 to avoid spikes in the pressure 
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differential between the anode and cathode flow fields that exceed the 
predetermined allowed value and maintains the relative humidity within fuel cell 
stack 18 within a predetermined range. Additionally, the excess power is routed 
through the other components of fuel cell stack 18 in a hierarchy that helps further 
reduce the likelihood of damage to fuel cell stack 18 and fuel cell system 19. 

[0037] It should be appreciated that while the fuel cell system 19 is 
preferably operated by routing excess power through other components of fuel cell 
system 19 in an established hierarchy, the sequence or hierarchy can be adjusted 
based upon a desired operation of fuel cell system 19. Thus, this hierarchy should 
be viewed as exemplary of the present method and the method is not limited to the 
hierarchy disclosed herein. Furthermore, it should be appreciated that other 
components of fuel cell system 1 9 can be provided with excess power produced by 
fuel cell stack 18. For example, when fuel cell system 19 includes an energy 
storage device 120, the excess power produced by fuel cell stack 18 can be routed 

I to energy storage device 120 for subsequent use later on in the electric vehicle 

I 

within which fuel cell system 19 and energy storage device 120 are located. It 
should be understood, that energy storage devices 120 are expensive and can add 
significant weight to fuel cell system 19. Thus, it should be appreciated that an 
energy storage device 120 may not always be available and, if an energy storage 
device is available, they may not be designed to receive a significant amount of 
excess power produced by fuel cell stack 18 such that is helpful in extending the 
I time period within which the power output of fuel cell stack 1 8 is reduced. 
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[0038] Accordingly, the description of the present invention is merely 
exemplary in nature and, thus, variations that do not depart from the gist of invention 
are intended to be within the scope of the invention. Such variations are not to be 
regarded as a departure from the spirit and scope of the invention. 
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